Carbon nanotubes (CNTs) have been considered as an excellent adsorbent in environmental engineering, especially for treatment of volatile organic compounds (VOCs). The paper presents a new approach for the selective adsorption of Xylene isomers from air samples using nanomaterial based on oxidized multiwalled carbon nanotubes. In the first study, the functionalization of two oxidized MWCNTs was achieved with hydrogen peroxide and sodium hypochlorite. The characterization of functionalized CNTs (CNT-NaOCl, CNT-H2O2) was performed by Fourier transform infrared spectroscopy (FT-IR) and X-Ray diffractometer (XRD). Afterthat, the applications of pristine CNTs and oxidized CNTs for removal of three Xylene isomers from air samples were discussed. The results demonstrate that the correlation of CNTs and three isomers was significantly different with an affinity order o-Xylene > m-Xylene > p-Xylene. The oxidized CNTs with carbonyl groups increased significantly its adsorption capacity for these isomers. A comparison in term of adsorption performance shows that the framework distinguishes among these adsorbents due to the dispersive properties and the electrostatic interaction between the Xylene isomers and oxidized CNTs surface.
INTRODUCTION
Xylene isomers, i.e., p-xylene, o-xylene, and m-xylene are mainly produced from catalytic reforming process in petrochemical industries. These aromatic hydrocarbons have significant effects on the quality of the air pollution, ground water and public health. Xylene isomers separation has attracted highly attention over the world as a result of similar physicochemical properties of these isomers. Various methods for Xylene separation have been applied such as distillation [1] , fractional crystallization [2] and adsorption [3] . The latest method has been most used as alternatives in industrial process for the separation [4] . Adsorptive separations have been investigated in using various adsorbents such as with zeolites [5] , silica gel [6] and carbon materials such as activated charcoal [7] .
Carbon nanotubes (CNTs) have attracted considerable attention because of their remarkable mechanical and electronic properties and the unique structure. In the literature, the CNTs exhibited excellent selective adsorption for aromatic compounds compared to conventional activated carbon. M. Jahangiri et al. [6] has been concentrated on testing the adsorption of Benzene, Toluene, Xylene as a representative of VOCs to six types of different carbon nanomaterial with the ultimate goal of their applicability in a respirator cartridge for volatile organic vapours.
Furthermore, the modification of CNTs have been found effective to improve the intrinsic physical properties of CNTs such as hydrophobic surface. The CNTs oxidation can be achieved by oxidation agents [8] acid or surfactant treatment. The influences of different functional groups and diameters of CNTs on the adsorption of poly-aromatic hydrocarbons have been investigated by Gotovac et al. [9] . They demonstrated that the functionalized CNTs with acid had higher absorbability for the poly-aromatic molecules. Although this approach is interesting, limited previous research studied on adsorption of isomers of Xylene in air samples from oxidized CNTs.
The aim of this paper was to investigate the adsorption capacity of pristine CNTs and modified CNTs for Xylene isomers removal in air samples. In the first study, the synthesis of two oxidized CNTs and their characterization were achieved. The adsorption capacity of three isomers on CNTs cartridge was performed in using the local equipment for air samples. Afterthat, two oxidized CNTs were used for removal of Xylene isomers, and adsorption efficiencies of these adsorbents were discussed.
MATERIALS AND METHODS

Materials
All chemicals, such as o, m, p-Xylene, Carbon disulfide (CS 2 ), HNO 3 , H 2 SO 4 , H 2 O 2 , NaOCl were obtained from Sigma Aldrich with > 99 % purity. Multiwalled Carbon Nanotubes (CNTs) was synthesized by CVD method, from the Institute of Materials Science of Vietnam, with purity > 95 %.
Methods
Modification CNTs by oxidation
The functionalization of CNTs by oxidation was performed in two steps: the first step was carried out by the mixture of HNO 3 and H 2 SO 4 to synthesis the CNT-COOH. The second step was achieved by modification of CNT-COOH with H 2 O 2 or NaOCl. The detail conditions was described in our previous report [10] .
Experimental set-up
The air sampling bag was carried out by conducting fresh air through a silica gel column and an activated carbon column in order to remove moisture and impurity such as dust, CO 2 . The flow rate of the air was monitored by a float flow meter. The Xylene isomers were evaporated and transferred into the carrier gas for preparing the air sampling bag with a total volume of 1.5L. A lab scale system for Xylene adsorption on CNTs was shown in Figure 1 . The commercial CNTs was dried in an oven until reaching constant weight in order to eliminate the moisture. The sample CNT cartridge was prepared by adding 50 mg of CNTs previously dried into a glass tube (7 mm in inner diameter and 10 cm in length) and packed with a cotton wool plug.
Adsorption experiments
The air sample bag containing isomers of Xylene vapors was passed through the CNTs cartridge. The bed temperature of 30 ºC and the gas flow rate of 30 mL.min -1 were controlled. The CNTs was extracted in 7 mL of CS 2 solvent overnight in order to desorb the trapped Xylene.
The concentration of Xylene adsorbed on the CNT cartridge was analyzed by a Gas Chromatography (GC-FID). All the experiments were duplicated and the mean values were reported.
The air samples were prepared by mixing 1,5 L of carrier gas and various concentrations of o, m, p-Xylene in range of 0,57 -4,77 mg/L.
The amount of Xylene on adsorbents (q, mg.g -1 ) was determined by the following equation (1): (1) where Co and Ct (mg.L -1 ) are the concentration of adsorbates at initial time and at equilibrium phase, respectively. V (L) is the volume of the solution and m (g) is the adsorbent weight.
Apparatus
The Brunauer, Emmett and Teller specific surface area (BET) of CNTs was carried out by a NOVA 3200e-Quantachrome USA instrument. The functional groups on CNTs surface were determined in the range of wavelenght 400-4000 cm -1 , using the Fourier Transform Infrared (FT-IR) spectrophotometer 8400S, Shimadzu, Japan. The X-Ray diffractometer (Bruker, D8ADVANCE, Germany) was used in order to determine the structure of CNTs, using Ni filtered Cu K radiation (1.54184 Å). The Gas Chromatography equipped with flame ionization detector (GC-FID) (Shimazu, QP2010ULTRA) was used to quantify the concentration of Xylene. The GC-FID conditions were described in our previous report [10] .
RESULTS AND DISCUSSION
Characterization of oxidized CNTs
Physical properties of CNTs
The surface area, pore volume and pore size distribution of the CNTs and oxidized CNTs were provided in Table 1 . The results showed that the pore diameter of these adsorbents obtained in the range of mesopore (2-50 nm), according to the IUPAC classification. The porosity and pore size distribution could play a key role for selective adsorption of Xylene with molecular size lower than 1 nm. Moreover, it can be observed that the surface area and pore size of the oxidized MWCNTs were slightly different to the raw MWCNTs. After oxidation, the functional groups were contributed to the pore entrance blockage causing a decreasement of the volume fraction. The pore diameter varied to larger direction due to the amorphous carbon as well as the remove of damaging CNT by the oxidation agents. This changing tendency are exhibited in the previous report [11] . However, the results in Table 1 were obtained from N 2 adsorption isotherm basing on BET theory; it is a powerful parameter for characterisation and comparison of sorbents properties but not necessary to be considered a predict organic compounds -CNT interaction [5] . The presence of the chemical groups in sorbent structure provide a numerous chemical sorption sites and thus affect on selectivity and adsorption capacity of the sorbent.
FT-IR analysis
The FT-IR spectroscopy was carried out for the determination of functional groups on the CNTs surface (Figure 2) . Characterizations of pristine CNTs by FT-IR have been shown in our previous study [10] . FT-IR spectra of CNT-H 2 O 2 exhibits a large band 3400 cm -1 corresponding to the OH-stretching vibration. The functionalization of CNTs by NaOCl was characterized by an intense band at 1100 cm -1 which can be attributed to C-O band. A comparison of the FT-IR spectrum of pristine CNTs and two oxidized CNTs indicated that the CNT-NaOCl spectrum showed a large band of OH groups in the range of 2300 to 3500 cm -1 which are from both carboxylic and hydroxy groups. 
X-ray diffraction patterns
The Figure 3 shows the XRD pattern of CNTs and oxidized CNTs. The fundamental pattern characteristics of CNTs exhibit typical peak of graphite at 2θ = 26.1° which are attributed to the (002) reflection planes or to the interlayered spacing between adjacent graphite layers. The intensity of diffraction peak at (002) after oxidation treatment increased (I CNTs-H 2 O 2 = 100 and I CNTs-NaOCl = 115) compared to the pristine CNTs (I CNTs = 55). It can be explained that the oxidized process led to removing the amorphous carbon, catalyst residue and carbonaceous fragments, in addition to breaking the long tube into shorter length can increase the degree of alignment of 002. From the XRD patterns of three oxidized CNTs, the oxidation process did not affect the CNTs surface, the typically carbon structure of CNTs were still preserved [12, 13] . 
Adsorption performance of CNTs and oxidized CNTs
The adsorption capacity of pristine CNTs were investigated at various initial concentrations of o,m,p-Xylene ranging from 0,57 mg/L to 4,77 mg/L.
The results indicate the loading capacities have significant effects with increasing adsorbate concentrations, as shown in Figure 4 . The adsorption performances of the CNTs for o,m,pXylene were 10,71 mg/g, 13,38 mg/g, 18,19 mg/g, 37,40 mg/g, respectively, with an average inlet concentration of 4,77 mg/L. As it well known, the adsorption mechanism of CNTs for Xylene is attributed to the π -π interaction between aromatic rings of Xylene and CNTs. The correlation between adsorption capacity and adsorbate concentration was highlighted in previous studies. Sone et al. [14] determined for Xylene, Toluene, and Benzene, adsorption capacities were 740.3, 274.1 and 178.6 µg/g, respectively. The correlation of CNTs and three Xylene isomers were significantly different with an affinity order o-Xylene > m-Xylene > p-Xylene. The molecular structures of three isomers of Xylene differ only in the position of two methyl groups, thus leading to the variation of electronic properties. In fact, the rich electronic structure in the ortho position of o-Xylene was more effective than that of meta and para positions, which enhance the π-π coupling interaction with CNTs. This results has further strengthened our hypothesis that the CNTs can be used as efficient adsorbent for selective adsorption of three isomers of Xylene. Gonzalez et al. [15] proved that the binding affinities of the Xylene isomers with metal-organic frameworks Co2(4,6-dioxido-1,3-benzenedicarboxylate) follow the trend o-Xylene > m-Xylene > p-Xylene. The selectivity of this metal-organic adsorbent was obtained over a wide range of concentrations.
The modified CNTs (CNTs-H 2 O 2 and CNTs-NaOCl) used as adsorbent were further evaluated using equimolar concentrations of three Xylene isomers ( Figure 5 ). The results confirm that the high adsorption performance was obtained with oxidized CNTs compared to that of pristine CNTs. It can thus be suggested that the surface functionalization of the CNTs is to improve their hydrophilicity and dispersive properties due to the presence of carboxyl groups. Furthermore, the electrostatic interaction facilitates a closer contact between the Xylene positively charged and oxidized CNTs with a negative surface, resulting in greater stabilization [16] . The selectivity of functionalized CNTs for the different isomers is identified in the last study. 
CONCLUSION
The foregoing results demonstrate that three isomers of Xylene can be selectively adsorbed by the CNTs over a wide range of adsorbate concentrations. The significantly adsorption capacity of CNTs for Xylene was maintly due to the π-π interaction between the CNTs surface and the aromatic compounds. The affinity was in the following order o-Xylene > m-Xylene > pXylene due to the different electronic structures of two methyl groups in the Xylene isomers. The modification of CNTs by different mixtures such as CNT-H2O2, CNT-NaOCl was achieved. The presence of functional groups on CNTs surface and structure of these modified CNTs were confirmed by FT-IR and XRD methods. Modified CNTs exhibits a remarkably adsorption capacity for these isomers compared to pristine CNTs due to the electrostatic interaction between Xylene and oxidized CNTs surface. Altogether, these results highlighted how leveraging the interaction of functionalized CNTs with Xylene isomers may lead to the design of new adsorbents for the separation of mixtures containing various aromatic hydrocarbons.
